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(54) Power factor correction controller circuit 

(57) A power factor correction controller circuit 1 00 
for controlling the duration of each on time phase and 
off time phase of a switched inductor power factor cor- 
rection circuit 20, 30, 40, 50, 100 which 16 adapted for 
use with a rectifying arrangement 9, 10, 60, 70 produc- 
ing a substantially regulated output voltage, vb. The 
controller circuit 1 00 comprises an input terminal 114 for 



receiving a signal representative of vb; an output termi- 
nal 131 for outputting a signal representative of the du- 
ration of each on time phase and off time phase; and on 
time determination means 110, 111, 112, 113, 114, 115, 
1 1 6, 1 1 7; wherein the on time determination means acts 
to vary the maximum duration of each on time phase in 
an inverse dependence on Vo. 
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Description 

Field of the Invention 

5 [0001] The present invention relates to a power factor correction controller circuit. 
Background of the Invention 

[0002] Power factor correction (pfc) circuits are typically used within power supply applications requiring ac/dc rec- 

w tification. Rectifying arrangements for use in such an application may essentially comprise a lull wave voltage rectifier, 
typically in the form of a diode bridge, and an output capacitor, to provide regulation of the output wave form. Such a 
rectifying arrangement, however, only draws current from the ac supply (typically a mains electricity supply) when the 
full wave rectified voltage is greater than the voltage across the output capacitor. This gives rise to an inefficient current 
profile of the input ac current consisting of separated narrow pulses of current having large peak values. This current 

is profile has a high harmonic content and gives rise to a very low power factor (about 0.5-0.6) of the rectifying arrangement 
as a whole. The high harmonic content in turn gives rise to large line noise (typically reflected back onto the ac mains 
supply). Such a current profile, in addition to being inefficient, is also unacceptable under EC standard IEC1000-3-2. 
[0003] A known solution to mitigate the problem of the inefficient current profile is to employ a pfc circuit which is 
inserted between the output capacitor and the diode bridge, and which essentially consists of an inductor followed by 

20 a diode with a switch connected between ground and between the inductor and the diode. By rapidly switching the 
switch on and off, current may be drawn from the input, full-wave rectified signal even when the input voltage is less 
than the output voltage. In fact, with such an arrangement the output voltage is always greater than the Input voltage 
and for this reason such an arrangement is typically referred to as being in a boost configuration. Generally, the inductor, 
diode and switch arrangement may be termed a switched inductor pfc circuit and the circuit which controls the on and 

2S off times of the switch may be termed a pfc controller circuit. 

[0004] With such an arrangement, each section of time when the switch is switched on to connect the inductor to 
ground may be termed an on time phase having an on time duration.toN .with a corresponding off time phase having 
an off time duration, topp , occurring between each on time phase. A single cycle, having a period, T, comprises an on 
time phase together with an off time phase, the period x being given by x = to N + to FF . Each cycle will repeat with a 

30 frequency given by f = 1/x and the resultant on-off or pulse width modulated signal will have a duty cycle of toN /x. 
[0005] A known pfc circuit of this nature operates by comparing the output voltage of the rectifying arrangement with 
a fixed reference voltage and controlling to^ to maintain the output voltage at a fixed level.This generally results in a 
large difference between the peak value of the input voltage (typically from the mains electricity supply) and the sub- 
stantially regulated output voltage. This large difference between the'peak value of the input voltage and the output 

35 voltage requires a correspondingly large inductor. Furthermore, for a given output power requirement the duty cycle 
of the switch arrangement must also be correspondingly large for a large difference between the input and output 
voltages. 

[0006] Furthermore, it is known to operate a power factor correction circuit in what is termed a critical discontinuous 
mode in which 1off is such that the switch is switched back on again as soon as the current flowing through the inductor 
40 falls to substantially zero. In order to do this, conventional controllers measure the voltage across an additional winding 
which is coupled to the switched inductor, which voltage switches when the current flow through the inductor falls to 
zero. However, the provision of the additional winding represents an expense which adds to the total cost of the power 
factor correction circuit. 

[0007] The present invention seeks to provide a power factor correction controller circuit which at least mitigates one 
45 or more of the disadvantages of a conventional pfc circuit as discussed above. 

Summary of the Invention 

[0008] According to a first aspect of the present invention, there is provided a power factor correction controller circuit 
so for controlling the duration of each on time phase and off time phase of a switched inductor power factor correction 
circuit which is adapted for use with a rectifying arrangement producing a substantially regulated output voltage, 
said controller circuit comprising an input terminal for receiving a signal representative ol Nfo; an output terminal for 
outputting a signal representative of the duration of each on time phase and off time phase; and on time determination 
means; wherein the on time determination means acts to vary the duration of each on time phase in an inverse de- 
ss pendence on Vo. 

[0009] By inverse dependence it is. meant that as the output voltage Vo increases the duration of each on time 
reduces. The relation need not be directly inversely proportional (i.e. y = 1/x), but may, for example, be a complicated 
inverse quadratic relationship (e.g. y = (ax 2 + bx + c)- 1 ). Preferably the duration of each on time phase is inversely 
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proportional to the square of the sum of Vo'and an arbitrary off -set constant which may be positive, negative or zero 
(i.e. for an arbitrary off-set constant V, the on time duration is given by t^ = k/(Vo + V) 2 ). 

[0010] The controller circuit preferably further comprises a voltage regulator which acts to prevent the output voltage 
Vo from exceeding a predetermined maximum value. Ideally the voltage regulator is a low gain regulator. Preferably 
5 the voltage regulator acts to influence or over-ride the on time determination means to rapidly reduce the duration of 
each on time phase as Vo approaches the predetermined value. 

[0011] Preferably the on time determination means comprises a signal generator for generating an increasing or 
decreasing signal and a comparator for comparing the increasing or decreasing signal with an on time reference signal 
and detecting when the increasing or decreasing signal exceeds or falls below the on time reference signal. Preferably 
io the increasing or decreasing signal varies between an initial value at the start of each on time phase and the value of 
the on time reference signal at the end of each on time phase. 

[0012] Preferably the increasing or decreasing signal varies at a rate which depends upon the magnitude of \to (the 
rate of change of the signal being substantially the inverse of the maximum duration of each on time phase). The on 
time reference signal is preferably produced by the voltage regulator and preferably approaches the initial value of the 

15 increasing or decreasing signal as Vo approaches its predetermined maximum value. 

[0013] In a preferred embodiment of the present invention, the signal generator comprises an on time capacitor the 
voltage across which increases from an initial value at a rate which depends upon Vb, and a voltage comparator which 
compares the voltage across the capacitor with an on time reference voltage generated by the voltage regulator. The 
signal generator also ideally includes an on time resistor connected to the output voltage Vb so as to generate a current 

20 signal whose value depends upon the value of Vo for charging the on time capacitor at the desired rate. 

[0014] Preferably the signal representative of the duration of each on time phase and off time phase outputted from 
the output terminal is a pulse width modulated signal, the width of each pulse being representative of the duration of 
a corresponding on time phase. 

[0015] According to a second aspect of the present invention, there is provided a power factor correction controller 
25 circuit for controlling the du ration of each on time phase and off time phase of a switched inductor power factor correction 
circuit which Is adapted for use with a rectifying arrangement producing a substantially regulated output voltage, Vb, 
said controller circuit including current measurement means for measuring the current flowing through the power factor 
correction circuit, said current measurement means comprising a voltage detection device for connection across an 
in-rush resistorto measure the voltage across the in-rush resistorand programmable means for enabling programmable 
30 over-current detection. 

[0016] The term in-rush resistor is used here to refer to any low value resistive element connected in series with the 
rectifying arrangement such that current drawn from the ac power supply will flow through this resistive element. A low 
value resistive element such as this is generally found in rectifying arrangement having output capacitors in order to 
prevent dangerously large currents on startup when the capacitor is essentially uncharged. 
ss [0017] It will be appreciated by a person skilled in the art that it may be desirable to use a plurality of resistive elements 
to form a global in-rush resistor; for example, it may be convenient to have a resistive element immediately downstream 
of the diode bridge and another resistive element between the ac power supply and the diode bridge in order to increase 
the global In-rush resistor. 

[0016] The voltage detectbn device is preferably adapted for operation as a zero-current threshold detector for de- 
^o tecting, during the off time of the power factor correction circuit when in'use, when the voltage across the in-rush resistor 
falls below a predetermined zero-current threshold value representing substantially zero-current flow through the in- 
rush resistor. 

[0019] Ideally, the voltage detectbn device is also adapted for operation as an over-current threshold detector for 
detecting, during each on time phase of the power factor correction circuit when in use, when the voltage exceeds a 
4& predetermined over-current threshold value representing the maximum current which is to be permitted to flow through 
the power factor correction circuit. Having detected an over-current during an on time phase, the voltage detection 
device preferably produces a signal which has the effect of terminating the on time phase. 

[0020] According to a preferred embodiment of the second aspect of the present invention, the voltage detector 
comprises a comparator for comparing the voltage across the in-rush resistor with an in-rush reference voltage. 

so [0021] By using a relatively low magnitude in-rush reference voltage, the voltage detector is able to establish ap- 
proximately when the current flow through the power factor correction circuit has fallen to almost zero regardless of 
the precise value of the in-rush resistor, at least to a sufficiently accurate degree for most applications. 
[0022] Preferably, the programmable means comprises an over-current voltage-offset generator which may be 
switched on and off during the on time and off time (or vice-versa) of the power factor correction circuit when in use, 

s$ for generating an over-current. voltage-offset which may be added to or subtracted from either the voltage across the 
in-rush resistor or the in-rush reference voltage. In this way a single voltage comparator may be used as a threshold 
detector for detecting both the zero-current and over-current threshold values; the arrangement being such that the 
current measurement means acts to detect the zero-current threshold value during the off time, and the over-current 
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threshold value during the on time, of the power factor correction circuit. 

[0023] Preferably the over-current voitage-offset generator (and thus the programmable means) includes an over- 
current resistor, wherein the magnitude of the over-current voltage-offset depends upon the resistance of the over- 
current resistor, whereby the over-current detection threshold may be programmed by selecting the appropriate resist- 
s ance of the over-current resistor. Preferably, the over-current resistor, is connected between the in-rush resistor and 
the voltage detection device whereby the over-current voltage -offset is either added to or subtracted from the voltage 
across the in-rush resistor. 

[0024] The pfc controller circuit according to the present invention may be formed as a single integrated circuit. 
However, it may also be desirable to allow one or more external components to form part of the pfc controller circuit. 
10 This has the advantage of enabling a single design of integrated circuit to be used in many different applications by 
simply adjusting the values of the external components as required. Components which may advantageously be pro- 
vided as external components are the on time capacitor, the on time resistor and the over-current resistor. 1 

Brief Description of the Drawings * 

is 

[0025] In order that the present inventbn may be better understood, an embodiment thereof will now.be described, 
by way of example only, with reference to the accompanying drawings in which:- 

FIG.1 is a schematic diagram of a switched inductor power factor correction circuit; 
20 FIG.2 is an illustrative graph of inductor current against time for a pfc circuit using a conventional controller and a 

pfc circuit using a controller according to the present invention; 

FIG. 3 is a graph of the maximum available on -time of a pfc circuit plotted against the substantially regulated output 
voltage, Vo, of the pfc circuit for a given inductor and power switch and a given maximum power output; 
FIG.4 is a schematic diagram of a power factor correction controller circuit according to the present invention; and 
2S FIG.5 is a schematic diagram of a power factor correction circuit incorporating the controller circuit of FIG.4. 

Detailed Description of a Preferred Embodiment 

[0026] Referring to FIG.1 a d.c. voltage providing circuit incorporating a switched inductor power factor correction 

so (pfc) circuit is shown. The circuit comprises a rectifying arrangement 9, 10, 60, 70 and a switched inductor pfc circuit 
20, 30, 40, 50, 100. The rectifying arrangement essentially comprises a pair of input terminals 9, a diode bridge 10, 
an output capacitor 60 across which the dc output voltage Vb is taken and an in-rush resistor 70. 
[0027] The pfc circuit comprises a low value capacitor 20 to filter out unwanted high frequency noise inherently 
generated by the high frequency of the switching arrangement. 

3S [0028] The circuit essentially operates as follows. An ac signal, typically from a mains electricity supply, is input 
across input terminals 9 and is full wave rectified by the diode bridge arrangement 10. Once the output capacitor 60 
has been charged it acts to provide a reasonably well regulated dc voltage output signal Vb, during initial charge up 
of the capacitor 60 the relatively low value (of the order of a few ohms) in-rush resistor 70 acts to prevent excessive 
and damaging currents flowing around the circuit. 

40 [0029] The pfc circuit acts to enable current to flow from the input th roughout the entirety of the input ac signal instead 
of simply at the peaks of the ac signal as would be the case without the pfc circuit. By rapidly switching switch 40 the 
inductor 30 is repeatedly first connected directly to ground via th© switch 40 when it is turned on (i.e. during each on 
time phase) and then connected only to the output capacitor 60 when the switch 40 is turned off (i.e. during each off 
time phase). During each on time phase the current flow l L through the inductor 30 builds up and, owing to the nature 

4S of inductors, during the subsequent off time phase, l L decreases at a finite rate effectively pushing current through 
diode 50 to charge output capacitor 60. Clearly, by adjusting the on and off times of the switch (by means of pfc controller 
circuit 100) the output voltage Vo may be adjusted, although the output voltage must always be higher than the input 
voltage because of the action of the diode 50 in conjunction with the boosting action of the switched inductor 40. 
[0030] Referring now to FIG.2, lines 81 and 82 represent the flow of current through inductor 30 during a switching 

SO period x (1 on time phase and 1 off time phase) for a pfc circuit controlled by a controller according to the present 
invention and a conventional controller circuit respectively. In both cases l L increases substantially linearly during the 
on time phase. The rate of increase of l L in both cases is given simply by:- 

dt~ L 

where V, N is the instantaneous voltage of the full-wave rectified signal from the diode bridge and L is the induct- 
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ance of inductor 30. 

[0031] Clearly this implies that the inductance of inductor 30 is greater for line 82 (the conventional case) than for 
line 81 . When the switch is turned off, l L decreases linearly in both cases at a rate given by:- 

j- 

*i Win ' 
dt" L 

[0032] Since L is greater in the conventional case, but has a greater rate of decrease it implies that Vb-V, N must be 

10 much less in the case of the present invention than in the conventional case. 

[0033] In fact, in the conventional case Vo is maintained at some large fixed value, while in the present case Vo is 
allowed to vary in dependence upon the input peak voltage and the output power requirement so as to maintain \A> 
V (N at a desired lower value than in the conventional case, at least in the case of reasonably high output power re- 
quirements when there is most to be gained by minimising the difference between Vo and V IN . 

is [0034] Turning now to FIG.3, there is shown the relationship between the maximum available on^ime (for a particular 
maximum power output) against Vo which results from choosing a particular preferred relationship between Vo and 
V| N . By arranging for Vo and t ON to be tied together in approximately the way shown in Figure 3, the preferred relationship 
between Vo and V (N can be maintained for a particular output power requirement. Of course, the relationship between 
Vo and V, N will not be the same for different (i.e. lower) output power requirements, but since the advantages to be 

20 gained by maintaining Vo and V, N close together only really apply to conditions of high output power requirements, this 
is no great loss. It can be seen that at low values of Vo one may have a greater on-time (and thus supply a greater 
output power for a given input voltage) than at high Vb. By allowing Vo to vary and arranging for more power to be 
delivered at lower Vb (by arranging for an inverse dependence between Vo and the on time), the relationship shown 
in FIG.3 between the maximum available on time as a function of Vb may be exploited to enable a smaller power 

2S transistor 40 to be used than would be the case if Vo were fixed at a relatively high level. In fact, the power loss via 
the power switch can be estimated as follows:- 

D 8 D . ( Pinf L f 0.85« Vpk\ ) 
Pon « - • Rdson • • . 1 - — 

3 \VpkJ \ \ Vo J) 



3S (where Rdson is the power transistor's resistance during each on time phase, Pin is the input power and Vpk is the 
peak input voltage from the mains supply) from which it can be seen that for low duty cycles, caused by a small 
difference between Vo and V 1N , the power losses through the power switch are considerably less than would be the 
case otherwise. 

[0035] Referring now to FIG.4, there Is shown a pfc controller circuit 100 having on time determination means 110, 
40 111, 112, 113114,115, 116, 11 7. The on time determination means essentially comprises an on time resistor 113 (having 
resistance Ro) connected between Vb and ground via an input terminal 114. In this way, a current signal having a value 
of lo is produced. The on time determination means further comprises an on time capacitor 112 (having capacitance 
C T ) and being connected, via terminal 117, between ground and the output of a multiplier 110. The inputs to multiplier 
1 10 are two currents each of whose magnitude lo is substantially proportional to Vo (lo = Vo/Ro), lo corresponding to 
4$ the current flowing through on time resistor 113. The input currents to the multiplier are supplied by a current mirror 
arrangement comprising current mirrors 115, 1 16 which act as multiple sources or sinks respectively of currents equal 
to the current to flowing through resistor 11 3 in a known manner. 

[0036] The output current is then applied to on time capacitor 11 2 via an on time capacitor terminal 117. The voltage 
V CT across the capacitor increases at a rate which depends upon lo and the capacitance Cjof on time capacitor 112 

so ( v CT = l.t / Cj , where l= KM x io 2 is the output current from multiplier 11 0, the term KM being the multiplier gain). 
[0037] The voltage across the capacitor is applied to a comparator 11 1 where it is compared with a reference voltage 
Vref which is generated by the pfc controller 100 in a manner which will be described in greater detail below Clearly 
for a given value of Cj. Ro, Vref and V CT . LO w. where V CT . uow is the voltage across on time capacitor 112 before 
charging of the capacitor 1 1 2 is commenced (in fact V C t-lcm is a reference voltage generated by the pfc controller 100 

55 which is connected to on time capacitor 1 1 2 in between each charging phase), the time tc T taken for the voltage across 
capacitor 112 to equal Vref will be inversely proportional to the square of Vo (t CT = {Cr . Ro 2 (Vref - V CT . LOW ))/(KM x 
Vo 2 ). 

[0038] The output of comparator 111 is applied to a reset input 1 21 of an RS flip-flop 120. An output terminal 122 of 
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the flip-flop 120 is used to drive the output 131 of the pfc controller 100 via a suitable buffer 130. The output terminal 
122 of flip-flop 120 is also connected to a switch 140 which connects the output of multiplier 110 (and thus the plate 
of capacitor 112 which is not connected to ground) to V CT . LOW when output terminal 122 of flip-flop 120 is low. Thus, 
when output terminal 122 of flip-flop 120 is low, capacitor 112 discharges via switch 140 to voltage V CT . LOW . 

5 [0039] An off time determination means 1 50 , 1 51 , 1 52, 1 53, 1 54 is also provided in the form of current measurement 
means which measures the current flowing through the pfc circuit by measuring the voltage across the in-rush resistor 
70 via a connection terminal 1 54 adapted for connection to the end of in-rush resistor 70 not connected to ground and 
a current sense terminal 153 to the Integrated circuit of the pfc controller 100. The voltage sensed at tormlnal 154 Is 
Input to an inverting input 151 of a voltage comparator 150 where it is compared with a threshold reference voltage 

10 which is input to the non-inverting input 152 of the comparator 150. When the pfc controller is operating in a critical 
discontinuous mode, the off time determination means acts to switch power switch 40 back on again as soon as the 
current flow through the pfc circuit reaches zero. Thus to operate In a critical discontinuous mode the threshold reference 
voltage is fixed at a fairly low magnitude (e.g. -50 mV or +50mV). Comparator 150 is arranged to go low when the 
magnitude of the voltage across the in-rush resistor 70 falls below the magnitude of the threshold reference voltage. 

is By connecting the output of this comparator to another reset input terminal 123 of flip-flop 120, the output terminal 122 
of flip-flop 1 20 can be prevented from going high again after one on phase has ended until the current flow across in- 
rush resistor 70 has substantially ceased. Clearly the off time determination means must be prevented from resetting 
flip-flop 120 while the flip-flop output terminal 122 is high. 

[0040] This is conveniently achieved in the present embodiment by further providing an over-current voltage-offset 

20 generator 1 56, 1 57, 1 58, as part of the current measurement means. The over-current voltage-offset generator essen- 
tially comprises an over-current resistor 1 56 located between terminals 1 53 and 1 54 and a switch 1 58 for switching a 
constant current source 157 into connection with the over-current resistor 156 for generating an offset voltage there- 
across. The switch 1 58 is controlled by the output terminal 122 to ensure that the over-current voltage-offset generator 
Is only switched on during each on phase. In this way, during each on time phase the voltage at input terminal 1 51 will 

25 be maintained higher than the threshold relerence voltage input to terminal 152 unless the negative voltage at terminal 
154 exceeds the offset voltage generated across over-current resistor 156 ( minus the threshold reference voltage - 
e.g. minus -50mV or +50 mV). Thus unless the current across the in-rush resistor 70 exceeds a predetermined max- 
imum value, the output of comparator 150 will remain low. This ensures that the on phase is not cut short by the off 
time determination means unless an over-current is detected. 

30 [0041] It will be appreciated that the above described arrangement is particularly advantageous because it needs 
only a single pin to perform the functions of zero-current detection and programmable over current detection. The 
reason that It is able to perform both these functions using a single pin is that the offset-voltage created by the Injection 
of a current across the over-current resistor 1 56 is added to the detected voltage as opposed to the reference voltage. 
In this way a single pin can be connected to the in-rush resistor via the over-current resistor. Of course, if more than 

35 one pin was available in a particular application, it would be possible to use a separate pin for connection to the over- 
current resistor 156 such that the offset voltage generated across the over-current resistor 156 could be added to or 
subtracted from either the detected voltage across the in-rush resistor or the reference voltage, to achieve the same 
effect. 

[0042] Clearly the over-current detection means formed in this way may be initially set or programmed to detect 
40 whatever maximum current is desired to be detected and whatever the exact resistance of in-rush resistor 70 by se- 
lecting an appropriate value for the over-current resistor 156 so as to enable the pfc controller to be used in a wide 
variety of applications. In this way, the over-current voltage offset generator can be thought of as a programmable 
means for enabling programmable over-current detection. 

. [0043] The off-time determination means and the over-current detection means as described in the present embod- 
45 iment shown in the accompanying drawings use negative current sensing. However, it will be appreciated by a person 
skilled in the art that the same could be done using positive current sensing by, for example, connecting the grounded 
terminal of the power switch 40 to the grounded plate of the capacitor 60 to form a common point between the power 
switch 40 and the capacitor 60 and by inserting the In-rush resistor between this obtained common point (this common 
point being used for the current sensing) and ground . 
50 [0044] In addition to the above described off time determination means 150, 151, 152. 1 53, 1 54, for opereating the 
pfc controller in a critcal discontinuous mode, the presently preferred embodiment shown in Figure 4 further includes 
more conventional minimum off time determination means 160, 161 and synchronised off time determination means 
162, 163. Both the minimum and the synchronised off time determination means feed via an and gate 164 to the set 
input terminal 125 of RS flip-flop 120. If no synchronising signal is supplied to synchro terminal 163, then synchro 
55 arrangement means 162 simply continuosly outputs to and gate 164 a high output. Minimum off time determination 
means 1 60, 1 61 simply comprises an inverter 160 coupled to a short delay circuit 1 61 (e.g. 2 microseconds) connected 
between the output terminal 1 22 of the flip flop 1 20 and the and gate 1 64. In this way, as will be clear to a person skilled 
In the art, a minimum off time duration corresponding to the delay of the short delay circuit 161 is provided which will 
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always prevent any other off time determination means from restarting an on phase before this minimum off time 
determination means has elapsed. 

[0045] The synchronised off time determination means enables the duration of each off time phase to be determined 
by a more conventional synchronisation signal applied to synchro terminal 1 63 in a manner well known to those skilled 
s in the art. 

[0046] The pfc controller 100 further comprises a voltage regulator which acts to prevent the output voltage Vb from 
exceeding a predetermined maximum value. The voltage regulator essentially comprises an adaptive reference voltage 
generation means 1 70 which receives as inputs a first current signal lo which is substantially proportional to the output 
voltage Vo, and a reference current signal Iref. The adaptive reference voltage generation means 1 70 outputs a voltage 

io signal Vreg which is substantially constant at a value Vreg-max for values of lo below Iref and at a value of zero for 
values of lo greater than about 1 .025 Iref with Vreg varying linearly between these two values of lo. The voltage signal 
Vreg is preferably stabilised by connecting it via a control terminal 171 to a control capacitor 172 connected to ground 
for filtering out any unwanted ac components in Vreg. This stabilised Vreg signal is then input to an adder 1 73 at a first 
input 174, together with a voltage signal of magnitude V CT . lo W to produce at an output of the adder the reference 

is voltage Vref which is compared, by comparator 11 1 , with the voltage across on time capacitor 11 2 as described above. 
[0047] Clearly, the value of on time resistor can be set to determine what value lo will take for a particular value of 
Vo, which will in turn determine the maximum output voltage Vo allowable by the voltage regulator. Once the value of 
on time resistor 113 has been set, the rate at which the on time capacitor 112 charges can be set by selecting the 
appropriate capacitance of the capacitor 112. 

[0048] Finally, the pfc controller 1 00 of Figure 4 further includes a safety comparator 1 80 which compares the voltage 
at on time capacitor terminal 112a with a reference voltage slightly less than V CT . LOW . It the voltage at terminal 112a 
ever falls below this reference voltage, pfc controller output 1 31 is held low. This prevents a dangerous permanent on 
time phase which might otherwise occur if terminal 112a was accidentally connected to ground. 
[0049] Referring now to FIG.5 , there is shown an example of the pfc controller circuit 100 in a typical pfc circuit. The 
arrangement is clearly similar to that of FIG.1 but shows the pfc controller circuit 1 00 in the form of an integrated circuit 
in an eight pin package. External on time resistor 113 and on time capacitor 112 are shown in addition to a load 80 
from which the power supply Vcc of the controller 1 00 is drawn. The load 80 may, for example, be a switch mode power 
supply or a lamp ballast. 

[0050] Also shown is the control capacitor 1 72 and the over-current resistor 1 56. 
30 [0051] It will be appreciated by a person skilled in the art that alternate embodiments to the one described above 
are possible. For example, lo is described as corresponding to Vo/Ro but, of course, an offset voltage v could easily 
be added to or subtracted from Vo prior to measuring the current flowing across Ro. Such an arrangement would give 
rise to a current lo given by lo = (vb-v)/Ro. Furthermore, a positive or negative current offset could be added to lo in 
order to build an offset on Vo. Furthermore, instead of using a capacitor 112 and resistor 113 as part of the on time 
determination means to produce a duration which varies in an inverse dependence on vb, an alternative arrangement 
could be used having similar properties. 

[0052] Also, although the pfc controller of the preferred embodiment has been described as comprising an integrated 
circuit together with a few external components (eg the on time capacitor 112, on time resistor 113, control capacitor 
172 and over-current resistor 156 ) this is done primarily for convenience and flexibility of various properties of the pfc 
controller which enable a single integrated chip to be used in a number of different applications having different re- 
quirements (e.g. maximum current flow etc). It will be recognised by a person skilled in the art that it would be equally 
possible to provide one or more of these external components on the integrated circuit and that this will be particularly 
advantageous where a large number of pfc controllers will be required for a single application. 
[0053] Additionally, the currently preferred embodiment described above discloses an analog circuit. However, it will 
be apparent to a person skilled in the art that the same functions could be achieved using digital electronic solutions. 
For example, an analog to digital converter could be used to produce a digital signal representative of Vb which is then 
manipulated digitally according to a suitable algorithm to produce a pulse whose width is in an Inverse dependence to 
the value of Vo. Similarly, a current measurement means could bo provided in a digital form by using an analog to 
digital converter to produce a digital signal representative of the current flowing across the in-rush resistor, and process- 
ing this digital signal to provide for both 2ero current detectbn and programmable over current detection and to cause 
either termination of the off time phase or on lime phase respectively upon such detection. 

[0054] Furthermore, the preferred embodiment has described a pfc controller formed on an integrated circuit with 
separate functions such as the power switch or a Swith Mode Power Supply being formed separately. However, it will 
be apparent to a person skilled in the art that separate functions could In certain circumstances be integrated into the 
same circuit. Alternatively, some of the functions shown as being incorporated on a single integrated circuit as part of 
the pfc controller 1 00 could actually be performed on separate circuits. 
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Claims 

1 A power factor correction controller circuit for controlling the duration of each on time phase and off time phase of 
a switched inductor power factor correction circuit which is adapted for use with a rectifying arrangement producing 
a substantially regulated output voltage, Vo, said controller circuit comprising an input terminal for receiving a 
signal representative of Vb; an output terminal for outputting a signal representative of the duration of each on time 
phase and off time phase; and on time determination means; wherein the on time determination means acts to 
vary the duration of each on time phase In an inverse dependence on vb. 

2. A controller circuit as claimed in claim 1 further comprising a voltage regulator which acts to prevent the output 
voltage Vo from exceeding a predetermined maximum value. 

3. A controller circuit as claimed in claim 2 wherein the voltage regulator is a low gain regulator. 

4 A controller circuit as claimed in claim 3 wherein the voltage regulator acts to influence or over-ride the on time 
determination means to rapidly reduce the duration of each on time phase as Vo approaches the predetermined 
value. 

6 A controller circuit as claimed in any one of the preceding claims wherein the on time determination means com- 
prises a signal generator for generating an increasing or decreasing signal and a comparator for comparing the 
increasing or decreasing signal with an on time reference signal and detecting when the increasing or decreasing 
signal exceeds or falls below the on time reference signal 

6 A controller circuit as claimed in claim 5 wherein the increasing or decreasing signal varies between an initial value 
at the start of each on time phase and the value of the on time reference signal at the end of each on time phase. 

7 A controller as claimed in claim 6 when dependent upon claim 2 wherein the on time reference signal is produced 
by the voltage regulator and approaches the initial value of the increasing or decreasing signal as vb approaches 
its predetermined maximum value. 

8 A controller as claimed in any one of claims 5 to 7 when dependent upon claim 2 wherein the signal generator 
comprises an on time capacitor the voltage across which increases from an initial value at a rate which depends 
upon Vo, and a voltage comparator which compares the voltage across the capacitor with an on time reference 
voltage generated by the voltage regulator. 

9 A controller as claimed in claim 8 wherein the signal generator further includes an on time resistor connected to 
the output voltage Vo so as to generate a current signal whose value depends upon the value of Vo for charging 
the on time capacitor at the desired rate. 

40 10 A controller as claimed in any one of the preceding claims wherein the on time determination means includes a 
multiplier for multiplying a signal representative of Vb into a signal representative of Vb squared. 

11 A power factor correction controller circuit for controlling the duration of each on time phase and off time phase of 
' a switched inductor power factor correction circuit which is adapted for use with a rectifying arrangement producing 
a substantially regulated output voltage, Vo, said controller circuit including current measurement means for meas- 
uring the current flowing through the power factor correction circuit, said current measurement means comprising 
a voltage detection device for connection across an in-rush resistor to measure the voltage across the m-rush 
resistor and programmable means for enabling programmable over-current detection. 

so 12 A controller circuit as claimed in claim 11 wherein the voltage detection device is adapted for operation as a zero- 
* current threshold detector for detecting, during the off time of the power factor correction circuit when in use, when 
the voltage across the in-rush resistor falls below a predetermined zero-current threshold value representing sub- 
stantially zero-current flow through the in-rush resistor. 

55 13 A controller circuit as claimed in either one of claims 11 or 1 2 wherein the voltage detection device is adapted for 
operation as an over-current threshold detector for detecting, during each on time phase of the power factor cor- 
rection circuit when in use, when the voltage exceeds a predetermined overrent threshold value representing 
the maximum current which is to be permitted to flow through the power factor correction circuit. 
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14. A controller circuit as claimed in any one of claims 11 to 1 3 wherein the voltage detector comprises a comparator 
' for comparing the voltage across the in-rush resistor with an in-rush reference voltage. 

15. A controller circuit as claimed in claim 14 wherein the programmable means comprises an over-current voltage- 
s offset generator which may be switched on and off during the on time and off time (or vice-versa) of the power 

factor correction circuit when in use, for generating an over-current voltage-offset which may be added to or sub- 
tracted from either the voltage across the in-rush resistor or the in-rush reference voltage. 

16. A controller circuit as claimed In claim 15 wherein the programmable means includes an over-current resistor, 
jo wherein the magnitude of the over-current voltage-offset depends upon the resistance of the over-current resistor, 

whereby the over-current detection threshold may be programmed by selecting the appropriate resistance of the 
over-current resistor. 

17. A controller circuit as claimed in claim 1 6 wherein the over-current resistor is connected between the in-rush resistor 
is and the voltage detection device whereby the over-current voltage-offset is either added to or subtracted from the 

voltage across the in-rush resistor. 

1 8. A switched Inductor power factor correction circuit incorporating a controller as claimed in any one of the preceding 
claims. 

20 

19. An ac to dc voltage regulator incorporating a controller as claimed in any one of the preceding claims. 
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